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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Geotechnical investigation and testing — Geotechnical
monitoring by field instrumentation —

Part 5:
Stress change measurements by total pressure cells (TPC)

1

Thi
Gen
geo

If aj

acting in the ground.

Thi

Gui

NOT
inte
geof

2

The
con
und

Scope

5 document specifies the measurement of stress changes by means of total, pressure ¢
eral rules of performance monitoring of the ground, of structures interacting with the
Lechnical fills and of geotechnical works are presented in ISO 18674-1.

bplied in conjunction with ISO 18674-4, this document allows the détermination of effeq

5 document is applicable to:

monitoring changes of the state of stress in the ground)and in geo-engineered structy
earth fill dams or tunnel lining);

monitoring contact pressures at the interface between two media (e.g. earth pressure o
wall; contact pressure at the base of a foundation);

checking geotechnical designs and adjustmeént of construction in connection with the Ob
Design procedure;

evaluating stability during or after construction.
Helines for the application of TPCG4in geotechnical engineering are presented in Annex B.
E This document fulfils-the requirements for the performance monitoring of the ground, o

racting with the ground and of geotechnical works by the means of total pressure cells as
echnical investigation,andtesting according to EN 1997-1[1] and EN 1997-2(2],

Normativereferences

following \documents are referred to in the text in such a way that some or all of th
Stitutes\requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

ells (TPC).
ground, of

tive stress

res (e.g. in

h retaining

bervational

f structures
part of the

bir content
pplies. For
[s) applies

ISO

18674-1:2015, Geotechnical investigation and testing Geotechnical monitorin

j by field

instrumentation — Part 1: General rules

ISO 18674-4, Geotechnical investigation and testing — Geotechnical monitoring by field instrumentation —
Part 4: Measurement of pore water pressure: Piezometer

ISO 22475-1, Geotechnical investigation and testing — Sampling methods and groundwater
measurements — Part 1: Technical principles for execution

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 18674-1 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

total pressure cell

TPC

field instrument for stress change measurements

Note 1 to entry—Fypieatyatotalpresss ceHsysterreonsistsorapressutrecompartmetapresstretubing, a
pressure mg¢asuring device, a measuring line and a control and readout unit (see Figure 1 and Reference [3])

Note 2 to ¢ntry: The pressure compartment consists of two steel platens, welded together afound their
peripheries| where the intervening cavity is filled with a liquid. The cavity is connected to the inner chamber

of a pressufe measuring device via a liquid-filled pressure tubing. Inner and outer chambegs|ef the presfure
measuring dlevice are separated by a flexible diaphragm.

Note 3 to enjtry: Total pressure cells are permanently installed either in fill or soft ground*(embedment pressure
cells) (3.2), [in contact planes between any two media (contact pressure cells) (3.3) ‘ar' in boreholes (bordhole
pressure cells) (3.4).

Note 4 to entry: The target of the measurement is the change of the total norntal stress Ao, of the medium agting
onto the flaf side of a pressure compartment (see 1 in Figure 1).

O 010010

Key
pressuile compartmeit
pressutle tubing

pressuife measuting device

3a inper chamber

3b outer chamber

3c diaphragm

height of the cavity of the pressure compartment
height of the pressure compartment

measuring line (electric cable or twin hydraulic tubing)
control and readout unit

R N O U1 o»

medium investigated

Figure 1 — Principal components of a TPC measuring system
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embedment pressure cell
total pressure cell (3.1) which is fully embedded within a medium

EXAMPLE Push-in cell in soft soil; “tangential cell” in shotcrete tunnel lining (see 4 in Figure 2);
cellin fill (see Figure 3).

3.3

contact pressure cell
total pressure cell (3.1) which is placed in a contact plane between two media

MDLL Call o el o b £ 1ol £ | u" dial 11 L 2.0

embedment

EX

3.4
born
totd

Not

3.5

&3 ; o cloot kot 1lio:
IV L GlIl'dllliv Uvdol Ulh'd oIdu TuudIlivuativll, Irauvdiridr vuoil LO\'\- J-IJ IIT OSITULLI CLU TUIITIvT llllllls-

ehole pressure cell
I pressure cell (3.1) which is installed in a borehole

b 1 to entry: See 2 in Figure 2.

asplect ratio

rati

Not

p of height to the smallest lateral dimension of the pressure compartment

e 1 to entry: For rectangular compartments, the smallest latéral dimension is the width,

compartments the diameter.

Not

3.6

e 2 to entry: Typical aspect ratios are of the order of 1:20 to\1x40.

total stress

stre

Not
the

Not

indd
stre

Not
stre

3.7
effe
strd

Not

whd

ss in the ground carried by the solid portionyskeleton) of the ground and the pore water

fotal normal stress Ao, ).

e 2 to entry: Changes of 2-D and 3-Dy'stress states can be monitored by a cluster of a sufficien
pendently oriented TPC compartments installed at a measuring location: Three compartmen
ss state, and six compartments.for a 3-D stress state.

e 3 to entry: By placing a\TPC compartment with its sensing side towards the vertical, the ver
Ss component o, can bé directly monitored.

ctive stress

ss in the grotind carried by the solid portion (skeleton) of the ground
b 1 to enthy: Itiso’=0-u

re

for circular

e 1 to entry: One only stress component can(be monitored by a total pressure cell (3.1) (which is the change of

I number of
ts for a 2-D

ical normal

The
3.8

’

o’ isthe effective stress tensor;
o isthe total stress tensor;

u isthe porewater pressure.

formula above is only applicable to saturated soil.

contact stress
stress component which acts normal to a contact plane

EXAMPLE Normal stress acting in the interface between a slab foundation and the ground.

© IS0 2019 - All rights reserved
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Note 1 to entry: Shear stresses acting within the contact plane cannot be measured by a TPC (3.1).

3.9
radial stress

specific contact stress (3.8) between the ground and a tunnel lining

Note 1 to entry: Radial TPCs (3.1) (“radial cells”) are especially designed for monitoring radial stresses.

Note 2 to entry: See 3 in Figure 2.

hoop stresf monitored within shotcrete or concrete tunnel linings

Note 1 to

stresses in funnel linings. An alternative term is “concrete TPC”.

try: Tangential TPCs (3.1) (“tangential cells”) are especially designed for monitoring tangential

Note 2 to enjtry: See 4 in Figure 2.
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Key
1 porehole (vertically down-dipping; back-filled)
2a, 2b, 2c  rray of three differently oriented borehole TPCs for monitoring horizontal ground stresses
3 radial\ERCs at the ground/shotcrete lining interface
4 angential TPCs in the shotcrete lining
5 shotcrete [ining
6 tunnel excavation contour
Figure 2 — Example of a TPC layout in near-surface tunnelling
4 © IS0 2019 - All rights reserved
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Key

A |clay core 1  TPC (single or cluster)
B |[filter zone 2  piezometer

C |rockfill

NOTE Zones A and C have independent cable routing systems (see 6.1.2.59;

Figure 3 — Example (schematic) of a TPC layout in an earth dam

4 |Symbols

Symbol Name Unit
C edge correction factor —
E Young’s modulus MPa
hy elevation of measuring stationin-compensation method m
h, elevation of the TPC in compensation method m
Pa pressure in the outer chamber of the measuring device MPa
Py pressure in a follow=up measurement MPa
Ph hydrostatic pressure difference between the external measuring station and TPC MPa

pressure of theliquid in the compartment and in the inner chamber of the measur-

Pi ing device MPa
pL pressufeoss in the compensation delivery line MPa
Pp-t prestensioning pressure MPa
Pr pressure in reference measurement MPa
Preld pressure reading taken at the outside measuring station MPa
u pore water pressure MPa
Yiluid specific weight of compensation fluid N/m3
o, 0 normal stress (total; effective) MPa
Ao, difference of total normal stress MPa
o, vertical stress MPa
oy maximum horizontal stress MPa
oy, minimum horizontal stress MPa

© IS0 2019 - All rights reserved 5
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5 Instruments

5.1 General

5.1.1 It shall be noted that TPC measurements are prone to substantial errors as the presence of
the cell in the medium tends to create significant changes in the stress field which is the target of the
measurement.

NOTE1 See Figure 4 (Reference [5]).
NOTE 2 he selection of appropriate instruments, adherence to their range of application and adeghate
installation|procedures are critical to reduce these errors to acceptable levels (see 5.4 and 5.6).
1
T[] et 1T il T !
A A’ A A
| ﬁl Iﬁl | | lﬁ' | II
a) |TPC stiffer than medium b) TPC softer than medium
over-registering TPC) (under-registering TPC)
Key
[ stress tfajectories around a TPC 1 pressure compartment embedded in a medium.
I  normalfstress profile A — A’
Figure 4 —Registering effect of embedded TPCs

5.1.2 Deformation and cempensation measuring methods should be distinguished from each other
(see Table [1).

Table.1— Monitoring features associated with TPC measuring methods

. Long-term . .
Measuripg TPC 21 Atmospheric pressure Automatic .
metho I; iffness stablllt_y of compensati  epe Logging spged
sensor signal data-aequisition
Deformation tends to be |depends, amongst |independent barometric |amenable comparatively
(see 5.2) soft others, on the pressure monitoring may quick
type of electrical |be needed
sensors used vented TPC tend to be
unreliable
Compensation |tendsto be |tends to belong- |vented TPC tend to be cumbersome; comparatively
(see 5.3) stiff term stable reliable comparatively slow
costly

6 © IS0 2019 - All rights reserved
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5.1.3 Any change of the total normal stress Ao, acting onto the flat side of a pressure compartment (1
in Figure 1) shall be uniquely associated with a change of the pressure of the liquid in the intervening
cavity of the compartment.

5.1.4 The stiffness of the pressure compartment in sensing direction should be low in comparison with
the stiffness of the pressure tubing and the housing of the pressure measuring device.

5.1.5 The shape and location of the pressure measuring device shall not affect the total normal stress

o, of the medium acting onto the pressure compartment.

NO
the
stiff

5.1
cav
fillg
bet;
pro

5.1
gro

diaphragm, in particular its calibration characteristics.

NO1T
pres

E

pressure tubing.

6 The pressure measuring device (3 in Figure 1) typically is a diaphragm préssure tran
ty of the interconnected components compartment, tubing and measuring device shall be
d with, in engineering terms, an incompressible and de-aired liquid., The difference i
veen compartment and measuring device should be so small that it canrbe neglected in the
cedure (see A.1.1).

7 The housing of the pressure measuring device should/be~sufficiently stiff so thaf]
ind pressures acting onto the outer side of the device do 1ot affect the mechanical behaxv

E Experience in high embankments has shown that the earth pressure, acting on the h
sure transducer, can cause a substantial shift of the zerg“point and a change in the linearity of the

A common technical solution is a TPC where the measuring device is located sufficientlyfajr away from

f

pressure compartment, and where the pressure compartment and measuring device are intexconnected by a

tducer. The
completely
n elevation
evaluation

even high
riour of the

ousing of a
transducer.

5.2 Deformation measuring method

e (see 3cin
cavities.

5.2{1 The measurement of the deflection of the diaphragm of the pressure measuring devic
Figure 1) can be used as a method for.adedasuring the pressure of the liquid in the intervening

NO'I bs with the

mead

E Commonly, the diaphragm, separating the inner chamber and outer chamber coincid
suring diaphragm of an electrie\pressure transducer.

5.2
con,

2 The pressure in the.outer chamber of the measuring device (see 3b in Figure 1) shall be either
stant or atmospherie;

5.2/3 If TPC measurements are influenced by changes of the atmospheric pressure, these¢ should be

monitored separately.

NO']
in F|
feat]

b line (see 6
water. This

E Attempts to circumvent this issue by integrating a small venting tube into the measurin
gure 1) are often marred with difficulties, as such tubes tend to become blocked by condensed
Lifesis in contrast to the compensation measuring method (see 5.3 and Table 1).

5.2.4 Deformation measurements carried out directly at the platens of the pressure compartment,
e.g. by means of strain gauges or built-in vibrating wire sensors, should be avoided as this measuring
procedure will typically result in compartment dimensions with high aspect ratios leading to
unfavourable embedment conditions (see 6.1) and ill-defined edge correction factors (see A.1).

5.3 Compensation measuring method

5.3.1 In TPC compensation measuring systems, any changes of the distance between the platens of the
pressure compartment caused by Ao, shall be compensated by an externally applied pressure p,.

NOTE The common practice is hydraulic application of p, at comparatively high pressure levels and
pneumatic application of p, at comparatively low pressure levels.

© IS0 2019 - All rights reserved
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5.3.2 Compensation should be carried out at the diaphragm (3c in Figure 1) of the pressure measuring
device. Any deflection of the diaphragm, as described in 5.2.1, shall be compensated by a pressure p,
acting in the outer chamber of the device.

5.3.3 The compensation point shall be clearly defined and well identifiable when making the
measurement. Pressure valve or electric diaphragm switch techniques may be employed.

5.4 Stiffness of the pressure compartment

In sensing direction, the stiffness of the pressure compartment should conform to the stiffness of
the medium.

NOTE1  §tress concentration effects influence the measuring results yielding either systematically,too low or
too high valpes (see Figure 4).

NOTE 2  Amongst the factors which influence the stiffness of the TPC system are the following:

— measuting principle (deformation, see 5.2, versus compensation, see 5.3; see also Tahlel1);

— aspectfatio;

— height ¢fliquid-filled cavity (4 in Figure 1);

— volumegand compressibility of the liquid in the closed inner system;
— deformfability of the housing of the closed inner system (see 5.1.7).
NOTE 3  Rurther difficulties arise when the stiffness of the medium is changing in course of the monitofing
project, e.g.|consolidation of fill or curing of shotcrete. For furtherinfluencing factors, see Reference [4].

5.5 Shape of the pressure compartment

5.5.1 Th¢ shape of the pressure compartment¢an be rectangular, square, oval or circular. If not affe¢ted
by other cpnstraints (e.g. construction; shape-and dimension of medium or contact), circular shdpes
should be preferred.

NOTE 1 ommon compartment dimensions are diameters, respectively edge lengths, of the order of 100|mm
to 400 mm.
NOTE 2 ommon for soils andfiire-grained fill are circular compartments with a diameter of about 120 mm to

300 mm; forf ground/concretecantacts rectangular compartments of 200 mm x 300 mm; for ground/tunnel lihing
contacts radial compartmefitsof 150 mm x 250 mm and for tunnel lining embedment tangential compartmgpnts
of 100 mm % 200 mm.

5.5.2 Th¢ aspeet-ratio should not be higher than 1:15 for soil and fill and not be higher than 1:25
for rock amd .conicrete. Compartments with small aspect ratios shall be preferred, provided that|the
compartm¥nt platens will not touch each other across the liquid-filled cavity.

NOTE Commonly, TPC compartments are about 4 mm to 12 mm thick.

5.5.3 The selection of the compartments should be made in consideration of the influence which edges
and corners of the pressure compartments can have onto the stress distribution around the compartment
(Figure 5) and thus onto the measurement. Figure 6 shows two technical solutions which are reducing
the edge effect. These solutions should be considered in the TPC selection.

NOTE Edges and corners of pressure compartments are commonly stiffer than the sensing area of the

compartments and, thus, are attracting over-proportionally high stresses. This effect is particularly relevant for
high aspect ratios.

8 © IS0 2019 - All rights reserved
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2 34

A/
/N

Key

1  weld seam

2 top platen

3 |liquid-filled cavity
4 |bottom platen

Figure 5 — Edge effect of pressure compartments: stress concentration atleomparatively stiff
edge (schematic)

2 3 4a 5 2 3 4b
/J/ l/ i 1 7/////AV//// 7
a) Flexible edge solution b) Edge groove solution
Key]
weld seam
stiff bearing plate

liquid-filled cavity
4a | flexible cover plate
4b | bottom plate

5 | groove

Figure 6 —~ Examples of technical solutions for reducing edge effects

5.5/4 In aggressive media, e.g. in sulphatic rock or groundwater, the TPC material should be corrosion-
resistant.

5.5/5 In the case that, after the completion of the monitoring project, TPCs are left in the ground,
attgntion ‘shall be paid to the compatibility of the material, in particular of the cell liquid, to the
envjronment.

EXAMPLE Use of bio-degradable hydraulic oil.
5.6 Accuracy

5.6.1 Itshall be realised that the degree of conformity between the embedded TPC and the surrounding
medium is critical for the accuracy of the TPC system.

NOTE1 Thedegree of conformity is difficult to specify (see 5.4, NOTE 2) and often subject to changes in course
of the measuring project (see 5.4, NOTE 3).

© IS0 2019 - All rights reserved 9
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NOTE 2 A calibration of the combined TPC components (compartment, tubing and measuring device; see
Figure 1) in a pressure enclave is not indicative of the accuracy of the TPC system as it yields (near-)perfect
results for almost any shape of the compartment and any pressure measuring device.

NOTE 3  Manufacturers commonly specify the accuracy of the TPC pressure transducer (see 3 in Figure 1), for
instance, accuracy 0,1 % full scale. This accuracy is not that of the TPC.

5.6.2 The accuracy of a TPC system may best be estimated by plausibility checks of the field measuring
results and by independent information.

NOTE See 6.1.2.7.

5.6.3 Lalloratory tests for determining the accuracy of the TPC system shall only be carried ot iff the
intended irstallation procedure is reproduced in the set-up of the test.

NOTE Realistic calibration tests of TPC systems in the laboratory are expensive and, only justified in
exceptional|circumstances.

6 Installation and measuring procedure
6.1 Installation
6.1.1 Installation in the ground

6.1.1.1 In softsoil, TPCs should be pushed-in by appropriateiequipment, e.g. by a CPT rig in accorddnce
to ISO 22476-1. Measurements shall commence after dissipation of any excess porewater pressure which
may have developed in connection with the TPC installation.

NOTE §pecially designed TPCs, often with a built:in piezometer, are commercially available from varfous
sources.

6.1.1.2 In stiff soil and rock, TPCs should be installed in boreholes. The boreholes shall be drilled in
accordancg with ISO 22475-1. The TPC,or.the array of several TPCs (see Figure 2), shall be placed jand
fixed in thg borehole whilst controlling'the depth and orientation of the compartment sensing directjon.

6.1.1.3 At the measuring location, the borehole shall be backfilled with a material which is adjusted to
the stiffneds of the ground.

EXAMPLE 1|  For soft rocks)and stiff soils (E < 5 GPa), bentonite and other low-strength cement suspensidn in
combination with clayey. components.

EXAMPLE 2  Forunoderately stiff rock (5 GPa < E < 20 GPa), cement-based mortar or suspension.

EXAMPLE 3| _“For stiff rocks (20 GPa < E < 30 GPa), dental mortar in combination with subsequent pre-stressing
of atleast 05 MPa.

6.1.1.4 After cure of the backfill material, it shall be secured that a complete and intimate contact
is established between the TPC compartment and the borehole wall and that the TPC set-up is pre-
tensioned (see Table 2). This may be achieved by expansion of the compartment, e.g. by squeezing of a
pinching tube (see 6.1.3.3 and Figure 7), or by contact grouting. In the latter case, grouting tubes should

10 © IS0 2019 - All rights reserved
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be laid to each compartment. The effective grout pressure at the measuring location should be at least of

the magnitude of the pre-tensioning pressure p,  specified in

Table 2, maximally twice that magnitude.

Table 2 — Pre-tensioning pressure p,_; of TPC installations in stiff soils and rocks

Young’s Modulus of medium pre-tensioning pressure p,,
MPa MPa
very low (<100 MPa) 0,02
low (100 to 5 000 MPa) 0,05
medium (5 000 to 20 000 MPa) 0,10
high (20 000 to 30 000 MPa) 0,50
very high (>30 000 MPa) not applicable
6.1{1.5 Measurements can commence after completion of pre-tensioning and,stabilisation|of the TPC
megsuring signal.
6.1{2 Installation in fill
6.1)2.1 TPC installation should commence when the fill has reached a height of at least 8000 mm above
the|instrument level. A wide bottomed excavation with smallefithan 1:3 sloped sides in al] directions
shall be formed. The size of the excavation should depend onthe/number of TPCs to be installed.
EXAMPLE The installation of a cluster of three TPCs commonly requires an excavation base of the order of
4 m|x 4 m (see a measuring example in C.2).
6.1{2.2 The TPC should be placed and fixed in position right at the excavation base. There|should not
be $eparate pockets in the base for accommodating individual TPCs. Prior to the TPC pladement, the

bas
cen|

6.1
typ

6.1
eart
stra

6.1
Cor{
des

NOT

b of the excavation should have been (re-Jcompacted. A thin, continuous layer of a low-strg
ent mixture may be applied for stabilisation of the installation base.

2.3 In clusters, the minimum spacing of adjacent TPCs shall be three times of the TPC
cally about 1,5 m.

2.4 Pressure cells andunieasuring lines shall be robust to survive the harsh environmenf
h dam construction. There shall be a provision for slack in the measuring lines to accomm|
ins.

2.5 Measuring lines should not be routed through zones of potentially excessive shear
p-filter-shell transition zone (see B in Figure 3). If such zones cannot be avoided, the lin
gned te-withstand the expected shear movements and to avoid water flow along the lines

E An attempt to meet that requirement is the use of an external corrugated sleeving where

ngth sand-

dimension,

typical for

pdate large

such as the
es shall be

the ring gap

betw

redp-sleeve-aRd-easurine Hpeisfilled-with-an-erodible-resistinas-deformable-material-oflow-pe
HEIS s R \as

rmeability.

THC oo it <

6.1.2.6 After placement of the TPC and routing of the measuring lines, the excavation should be
backfilled in lifts of about 100 mm to 200 mm with embankment material at unchanged water content,
having removed aggregates larger than 25 mm. Each lift should be individually compacted by hand-
operated equipment, before the general compaction procedure takes over some 800 mm above the
installation level.

6.1.2.7 After installation, TPC performance checks should be carried out as early as possible.

©IS

02019 - All rights reserved
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NOTE

Consideration of the overburden pressure, which is steadily increasing with the placement of the

fill, is useful in that regard. In the lower portion of an embankment dam, the stress field during construction
is essentially 2-dimensional if the valley is wide and not predominately V-shaped. In this case, it is reasonable
to compare the calculated vertical stresses o, as deduced from the density and thickness of the fill, with
the measured values. This procedure is commonly used to check the performance of TPCs installed in high
embankments.

6.1.3

Installation in concrete/shotcrete

6.1.3.1 The TPC shall be securely flxed e.g. by soft 1ron wire to remforcement bars or nearby steel

when placi

NOTE |
induced me

6.1.3.2 F
to surroun
removed.

6.1.3.3 T
regularly d
measurem

g the concrete (applymg the shotcrete).

n shotcrete tunnel linings, fixation of the TPC to steel mesh is often not sufficient, as_shotcreti

bh vibrations can deter from a good-quality TPC embedment.

pr measurements in concrete, containing aggregates larger than 25"mim, it is advis
d the TPC in a special concrete mix from which the coarser aggregate particles have b

he shrink gap between the compartment sensing surface-afid concrete (shotcrete), wl
evelops towards the end of the curing process, shall be“elosed prior to carrying out
ents. For this purpose concrete embedment TPCs shall be equipped with a pre-stres

device (5 im Figure 7) which should allow at least three pre-stressing actions.

EXAMPLE 1
compartme

EXAMPLE 2

NOTE

6.1.3.4 T
constructid

NOTE

T

Liquid-filled pinching tube which is connected” with the intervening cavity of the
ht and which is long enough to protrude from the.goncrete (shotcrete) (see Figure 7).

Injection line routed directly into the gap for pre-pressure grouting

he longer the pinching tube the less stiffiis the pressure cell.

he tubing of the pre-stressing device should be routed in such way that it is protected f
n work and shielded from temperature changes.

hanges of the ambient temperature at the pinching tube influence the cell pressure.

hble
een

nich
the
bing

TPC

Ffom

12
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6.1.3.5 Measurements can commence after completion of pre-stressing and stabilisation of the TPC
measuring signal.

Key

N O U1 W

6.1

6.1
EXA
EXA

6.1

pressure compartment at a stage after dissipation of cure temperature
pressure line

pressure measuring device

shrink gap

pre-stressing device (pinching tube)

concrete (shotcrete)

measuring line

Figure 7 — Possible layout of a concrete embedment TPC with pinching tube

4 Installation in centact planes

4.1 Contact TREs'shall be installed and fixed flush with the interface of the seating medjum.

MPLE 1  Earth pressure on concrete abutment (see C.3).

MPLE 2 \MRock pressure onto tunnel lining (see C.4 a).

4.2, " In case of an irregularly shaped seating plane, e.g. rock surface excavated by d

rilling and

blastimgthrecompartmentof the-TPCshattbeplacedomrabed-—whith tevetsoutthe-irregutarities. The
bedding material should be of similar stiffness than the seating medium. The bed thickness should be as
small as practically possible.

6.1.4.3 The cover medium shall be placed uniformly onto the seating medium and the TPC
compartment. It shall be secured that the compartment is fully covered by the new material.

EXAMPLE

pile

wall; shotcrete lining acting against ground pressure in tunnels (“radial TPC”).

© IS0 2019 - All rights reserved

Typical cover materials are: backfill acting against concrete abutment; soil acting against sheet
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6.2 Carrying out the measurement

6.2.1

Instrumentation check and calibration

6.2.1.1 The TPC assembly should be function-checked prior to the installation and before commencing
with the measurements.

6.2.1.2 Peripheral components such as pressure gauges and readout devices shall be calibrated before
and after the TPC monitoring project and, if applicable, every two years.

6.2.2 Mg

6.2.2.1 T
measuring

6.2.2.2 V
should be ¢

shall be repeated.

7 Data
7.1 Proc

7.2 Preli
the measuy

7.3 Data
tabulation
the stress d

EXAMPLES

74 Ifap
the tables 4

EXAMPLE
the invert) 3

8 Repo

asurement

he TPC fluid pressure p; shall be measured either by the deformation or the compensa
method, as appropriate (see Table 1).

hecked on its plausibility. In the case of unexpected or contradicting(data, the measurem

processing and evaluation

minary processing and evaluation of the data should be carried out immediately after tal
ements.

processing shall contain the determination of the stress change Ao, after Formula (A.3),
of the measured values and the presentation of the values in diagrams where, for each 7
hanges should be graphed over thetime.

See Annex C.

blicable, the particulars‘of the construction process shall also be documented and marke
nd diagrams.

Indication of the time when distinct tunnel excavation stages (top heading; benching; closuf
re passing thesmeasuring section.

r'ting

bssing and evaluation of the TPC measuring data shall-be carried out according to Annex A.

fion

Uhilst taking the measurements, or immediately after the measurements, the measured dlata

bnts

King

the
'PC,

d in

e of

8.1 Inst

hllation report

The installation report shall be in accordance with ISO 18674-1:2015, 9.1.

8.2 Monitoring report

The monitoring report shall be in accordance with ISO 18674-1:2015, 9.2.

14
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Annex A
(normative)

Evaluation procedure

A 1_—_Normal stress o acting ontothe nressure comnartment
NS RaSEFESS6 o re

1 Bhiahdaalaet =) Treo—errep DO C  CUTII PO CIIIT 1Tt

A.1]1 The total normal stress o, of the medium acting onto the pressure compartment.of the TPC shall
be dalculated as follows:

Gy =piC (A1)

where

p; istheliquid pressure in the TPC compartment;
C isthe cell edge correction factor with C= 1.
NOTE Commonly, commercially available TPCs have insignificant elevation differences betwepn pressure

compartment (1 in Figure 1) and pressure measuring device (3 in Figure 1). Any such differerjces are not
congidered in this evaluation procedure.

A.1{2 The effective normal stress component g 'of the medium acting onto the TPC comparfment shall
be dalculated as:

-u (A.2)

whére

u isthe pore water pressure as measured according to ISO 18674-4.

A.1{3 Commonly, the'edge correction factor C is only significant for aspect ratios highen than 1:20
(e.gl 1:10). In that\case, the factor C should be specified in the Instrument Data Sheet. If, for [the type of
medlium of concérn, the factor is not readily available, dedicated control tests may be carried out in a
conjpression testing machine. For this purpose, a TPC should be embedded in a medium saElple of the
dinmensionof at least three times the dimension of the TPC.

A.2—Stresschiange

The stress change Ao, which has occurred after the installation of the TPC is as follows:
Ao, =(pr—pr)C (A.3)
where

pr s the pressure in a follow-up measurement;

pr is the pressure as measured after completion of TPC installation and taken as reference meas-
urement.

© IS0 2019 - All rights reserved 15
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A.3 Evaluation of compensation measurements

A.3.1 When employing the compensation measuring method (see 5.3) it is:

Pi =Pa (A4)
where

p, Isthe compensation pressure applied from the outside.
A.3.2 Spgcifically, it is:

Pa =Piead T Ph TPL (pA.5)
where

Preaqg IS the pressure reading taken at the outside measuring station;

Py s the static head correction for the pressure due to difference imelevation between the TPC

hind the measuring station;

pL s the pressure loss due to friction in the compensation:délivery line.
A.3.3 The static head (elevation) correction p;, can be calculated as follows:

Ph =Yuid (h1 —hy) (A.6)
where

Yfluid is the specific weight of the fliid'in the compensation delivery line (for gas: y = 0);

hy - hy| s the difference in elevatioh between measuring station and TPC (positive if TPC is bgdlow

station).

A.3.4 The tube friction correction factor p; can be relevant in a pressure valve compensation measufing
system (sep 5.3). That factar-should be measured during installation, before connecting the TPC to|the
tubing. Th¢ factor p; is thie pressure required to maintain a steady flow through the tubing at a flow fate
similar to that obtained during measurement. Under normal conditions, with unobstructed and corr¢ctly
selected tuping, p; should be small in comparison to the compensation pressure p,,.

16
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Annex B
(informative)

Geo-engineering applications

Table B.1 provides an overview of the various types of total pressure cells in some common geo-

engireering—appheations—rhe—€la atHen— 35 B——ay—a r—He—nstrument
seldction. In the case that a geo-engineering application is not included in Table B.1)jthe closest
application can be considered for the selection.
Table B.1 — Guide for the selection of TPC types in geo-engineeringiapplications
Suitability of TPC instrumientation
Application TPC type and typical compartment size dimensipn
[mm]
Embedment | Contact Push-in Borehole
+ +/-
Earth dams and embankments 400 x 400 - 6 200 -
. . . +
Shallow foundation on soil or fill - 400 x 400 - -
. : . +/-
Cast-in-place pile foundation @ 600 - - -
. . +
in soft soil - - 200 -
- . +
in stiff soil and soft rock - - - 150 x 20
: +/-
in hard rock - - - 100 x 20
L . +
Tunnel lining: Radial stress - 150 x 250 - —
R . +/- ) ; —
Tunnel lining: Tangeéntial stress 100 x 200
oo + (for fill) i i +/- (for roqk)
Underground tépositories 400 x 400 100 x 20
. + +/-
Swelling’of the ground 150 x 250 100 x 20

© IS0 2019 - All rights reserved
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Annex C
(informative)

Measuring examples

C.1 General

Examples ¢f the various types of total pressure cells and typical applications are presented as/folloy
a) Earth pressures in a rock fill dam (see C.2);

b) Earth pressures acting onto the sidewall of a lock chamber (see C.3);
c) Radialland tangential stresses in a concrete tunnel lining (see C.4).

Each example contains information that is typically included in a repdrt in accordance YV
ISO 1867441:2015, Clause 9.

C.2 Earth pressures in a rockfill dam

a) Owner of the project Iran Water and Power Resources Development Co., Tehran, Ir|

b) Nameland location of the Masjed-e-Soleiman\(MES) Hydroelectric Power Project, Iran.
projegt

c¢) Name|of the company JV Nippon Keei — Moshanir — Lahmeyer International.

carry|ng out the
monitoring project

d) Monitpring project 177 m high zoned rock-fill dam with a central symmetric clay d

e) Instrymentation 48 clusters of earth pressure cells, distributed over the core,
filter zone and downstream rocKk fill. Each cluster consists of

supplemented by a single vibrating wire piezometer.

f)  Instrymentation.détails Total pressure cells, diameter 270 mm. Deformation measuri
principle (vibrating wire pressure transducer; electric cable)
Vibrating wire piezometer, measuring range 2 000 kPa.

g) Installdtion details Installation of each TPC cluster at the base of an approximatg

three TPCs (inclination -45°, 0° and +45° towards the dam axi

vith

ore.

ly

m x 4 m wilde an ,0 M deep trench, sioped at about 1:5. NO

extra pockets for individual TPCs.

h) Commissioning of the monitor- Step-by-step commissioning in line with progressing embank-

ing system ment construction.
i) Measurements Continuous data logging.
j)  Measuring uncertainty Unspecified. Predominately subject to quality of installation.

18 © IS0 2019 - All rights rese

rved


https://standardsiso.com/api/?name=42d1fead5ebfb67603682e7c441634d8

k)  Principal results of the
monitoring project

ISO 18674-5:2019(E)

Built-up of earth pressures in line with the embankment con-

struction (increasing height h of the dam). Monitoring
built-up of total stresses by the three TPCs placed at a

of the
measuring

point and determination of the 2-D stress state in the dam axis.
Near-steady-state conditions at completion of embankment con-
struction and during impounding (see Figure C.1). Simultaneous
monitoring of the porewater pressure built-up in the clay core

(not shown in Figure C.1). Determination of the stress

pathsin

p-q — diagrams (Figure C.2 a for total stresses and Figure C.2 b

for effective stresses).

1) | Assessment and evaluation
of the measuring results

m) | Reference

NOTE p=(o1+0)/2 p=[log+0y) /2N
q=q =(01-03) /2

where:

o;and 0, are maximum and minimum principal s
derived from TPC meaSurements;

u is the porewater\pressure as measured|
zometer.

High degree of homogeueity of built-up of total stressg
clay core: Almost identical response at the down-stre:
in Figure C.1) and invthe centre of the core. Identical r¢
the porewater pressure measurements (not shown in
State of near:zero effective stresses in the clay core (H
bottom).

Geotechnical News, Vol. 24, No.4, pp. 35-38, Richmond
(BiTéch Publ.), December 2006

[resses

by pie-

s in the

im side (3a
bsults for
Figure C.1).
igure C.2,

B.C.
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[kPa] [m]
/
WA
y y ]
3000 S 2 4" 350
1 w4 \\,
J 4
Y et ST D
2000 = 300
I~
Judr s
 ZAREEN 3b
7 ]
10p0 P \ 1250
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i
01997 T 1998 1 1999 1 2000 1| 2001 | 200207 2003
t[a]
Key
o, measuifed total vertical stress [kPa] 1 actual heightof dam in course of construction [nj]
h  elevatign above sea level [m] 2 water leyelof reservoir [m]
t time|[a 3a total vertical stress, core down-stream side, EL 230

3b totalvertical stress, core centre, EL 230

Figure C|1 — Example of the built-up of total vertical stresses in line with the construction pf

the dam and initial impounding
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a) total stress plot pygq
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-200

I
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Key
1  stress path

b) effective stress plot p-q

2 limiting condition (Mohr-Coulomb)

Figure C.2 — Built-up of total stresses (a) and effective stresses (b) in the clay core in course of

© IS0 2019 - All rights reserved

the construction period shown in Figure C.1
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